The type species of Nocardia is Nocardia farcinica Trevisan. This organism was described for the first time by Nocard in 1888 as the causal agent of bovine farcy in the West Indies (19) . Trevisan gave it the genus designation Nocardia and called the species Nocardia farcinica (30) . There now exist at least two different strains believed to be Nocard's original strain, but neither of them can be proved to be the authentic one.
A number of investigators (1, 5-7, 11, 16, 26), using various methods, have shown that strains initially labeled N . farcinica differ considerably from strains of other Nocardia species and show similarity to mycobacterial strains. In an earlier investigation, Ridell and Norlin (26) studied the serological relationships of various nocardia and mycobacterial strains. It was observed that out of eight strains referred to as N . farcinica, five were more closely related to some of the mycobacterial reference strains than were the other three strains. This indicated that these strains probably belong to the genus Mycobacteriurn. The remaining N . farcinica strains tested reacted like nocardia strains.
The aim of the present study is to elucidate the taxonomic position of strains labeled N .
farcinica. The methods used in the investigation were immunodiffusion and tests for arylsulfatase activity and the ability to grow a t 45 C and in the presence of 7% NaCI.
MATERIALS AND METHODS Immunodiffusion. (i) Test strains.
Thirty-four strains designated N . farcinica, or which previously had been referred to by this name, four strains of N . asteroides (Eppinger) Blanchard, and one of N . brasiliensis (Lindenberg) Pinoy were included in the study. Table 1 (ii) Antigen preparations. Antigens were prepared in two different ways. One was a culture filtrate and the other was an extract of disintegrated bacterial cells. The methods used for the preparation of antigens have been described previously (26).
(iii) Antisera. Immune sera for reference purposes were prepared against 12 reference strains (see Table  2 ). The sera against the two true nocardiae, i.e., N . asteroides and N . caviae, and the serum against the N . farcinica strain. as well as those against the two "rhodochrous" (8, 25) strains, i.e., N . corallina and "M." pellegrino, were obtained from rabbits. The sera against the mycobacterial strains were obtained from sheep. The animals were subcutaneously injected with a mixture containing 10 parts of antigenic material, nine parts of liquid paraffin, and one part of Arlacel A. The rabbits received 1 ml and the sheep received 8 ml of this mixture once a week for 7 weeks and were bled 2 weeks after the last injection. Test bleedings during the immunization time were performed to evaluate the progress of the antibody response.
(iv) Serological technique. The analyses were carried out by means of a microplate modification (32) of the immunodiffusion technique according to Ouchterlony (22, 23) .
(v) Reference precipitation systems. Twelve reference precipitation systems were utilized. The strains from which the reference systems were prepared are given in Table 2 . The mycobacterial systems and the systems prepared from strains of the "rhodochrous" taxon have been presented earlier (20, 21, 25, 26). The former have been prepared and established by Norlin et al. (20, 21) , whereas the nocardia, N . farcinica and "rhodochrous" systems have been prepared and established by the author.
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C and in the presence of 7% NaCl. (i) Test strains.
The 39 serologically analyzed strains and 53 other nocardia and "rhodochrous" strains were analyzed. The species designations which these strains had upon receipt are given in Table 5 .
(ii) Arylsulfatase activity. Two different test methods were employed, the so-called phenolphthalein test according to Wayne et al. (34) and the Lowenstein-Jensen medium technique according to Tanzil and Bonicke (28) .
(iii) Growth at 45 C. One loopful (approximately 10 mg) of bacterial mass from stock cultures on Lowenstein-Jensen medium was mixed with 2 ml of 0.85% saline. A 0.2-ml amount of this suspension was seeded on L8wenstein-Jensen medium in a screw-cap bottle and incubated a t 45 C. The cultures were read after incubation for 3 weeks, and any colony formation observable by the naked eye was registered as growth.
(iv) Growth in the presence of 7% NaCl. One loopful (approximately 10 mg) of bacterial mass from stock cultures on Lowenstein-Jensen medium was mixed with 2 ml of 0.85% saline. An 0.2-ml amount of this suspension was seeded on Lowenstein-Jensen medium containing 7% NaCl in a screw-cap bottle and incubated a t 37 C. The cultures were read after incubation for 3 weeks, and any colony formation observable by the naked eye was registered as growth.
RESULTS
The 39 strains listed in Table 1 were studied according to the comparative immunodiffusion technique employing the 12 reference systems indicated in Table 2 . The result of this study is shown in Tables 3 and 4 . Figure 1 shows the principles of the comparative immunodiffusion analyses. The pattern obtained when the antigen preparation of the strain N . farcinica N. 76 was studied by means of the "M." pellegrino reference system is shown. Four precipitinogens in total were demonstrated as being common to the test strain and the reference strain. Three of the precipitinogens in the test strain influenced the precipitates of the reference system. These three precipitinogens could thus be identified as corresponding to aA and eE (fusion of lines) and bB (deviation phenomena only) of the reference system. Table 3 shows the number of precipitinogens demonstrated for each strain and each of the reference sera, The number of demonstrated precipitinogens which influenced the precipitates in the reference systems is indicated in parentheses. The far right column shows the result obtained by means of the four mycobacterial reference systems: Mycobacterium kansasii, M . marianum, M . phlei, and M . microti. The maximum total number of precipitinogens demonstrated and the maximum number of precipitinogens influencing the reference system by means of any of these four systems are given. In 24 of the tested N . furcinica strains, three VOL. 25, 1975 TAXONOMIC STUDY OF N. FARCINICA 127 N . corallina
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Number in pdrentheses represents number of precipitinogens which influenced precipitates in the reference Maximum total number of precipitinogens revealed with any of the following reference systems: M.
Number in brackets is the maximum number of precipitinogens influencing the reference system, revealed system. The remaining strains consisted of 10 N . farcinica strains, which are discussed below as strains of cluster B, and four N . asteroides and one N . brasilierzsis strain. Twelve of these 15 strains demonstrated four or more '(up to six) common precipitinogens, and two of them (N.
126 and N. 76) demonstrated three precipitinogens when tested with either of the reference strains for N . asteroides or N . caviae. When these 15 strains were analyzed by means of the two "rhodochrous" reference systems, none, one, two or three, and, in three cases, four precipitinogens were revealed. When the same strains were analyzed by means of the N . farcinica and mycobacterial reference systems, a maximum of three precipitinogens was revealed. One strain (N. 120) did not display more than one or two precipitinogens with any of the reference systems.
The distribution of strains according to the number of precipitinogens revealed by each reference system is summarized in Table 4 . It can be seen that the N . farcinica strains of cluster A had more precipitinogens in common with the mycobacterial reference strains than with the true nocardia and "rhodochrous" reference strains. The N . farcinica strains of cluster B, and the strains of N . asteroides and N . brasiliensis, are distributed in a different way. These strains proved to have more precipitinogens in common with the reference strains of N . asteroides and N . caviae than with the other reference strains.
When the arylsulfatase activity (see Table 5 ) was tested, 16 of the tested strains, all belonging to cluster A of the N . farcinica strains, reacted positively. None of the cluster B strains or the other strains tested gave a positive reaction. The same result was obtained with both methods used. In Table 5 it is also shown that none of the 24 cluster A strains grew at 45 C, whereas all 10 cluster B strains grew at this temperature. Further, the ability to grow in the presence of 7% NaCl is shown. Nine of the 24 cluster A strains and all cluster B strains grew under such conditions.
DISCUSSION
With immunodiffusion analyses, antigens (precipitinogens) shared by two strains can be demonstrated. Individual precipitates may also be identified. However, there are several reasons for failure to demonstrate identity reactions using this technique; e.g., the pertinent precipitinogen might exist in very different concentrations in the preparations of the strains compared. The presence of precipitates can be regarded as a demonstration of precipitinogens which are common to the test strain and the reference strain even though no identity reaction occurs. It should also be mentioned that the presence of a common antigen might be demonstrated by the presence of deviation phenomena. It can be said that the greater the number of precipitinogens shared by a group of strains becomes, the closer their relationship. Such conclusions should only be drawn if a considerable number of strains have been analyzed and the results are in agreement or when a smaller number of strains have been analyzed with the aid of a relatively large number of reference systems. Further, the number of precipitinogens in the reference system constitutes an important factor. Differences of one or two precipitinogens can have a limited value for differentiation purposes, as small variations in preparing antigens and antisera may result in variations in the number of precipitinogens demonstrated.
In earlier investigations (25, 26) it has been shown that many strains from different species of the genera Nocardia and Mycobacteriurn, and of the "rhodochrous" taxon, had one to three precipitinogens in common. However, some strains shared a greater number of precipitinogens, indicating a closer affinity and possibly a species relationship. On the basis of such results, it was shown that, among eight strains referred to as N . farcinica, five were closely related to mycobacterial strains, whereas three reacted like nocardiae. All of these eight strains are included in the present study.
The N . farcinica strains were divided into two different groups, cluster A and cluster B. Cluster A, consisting of 24 strains, showed greater serological similarity to the mycobacterial reference strains and to the N . farcinica reference strain N. 33 than did the other strains tested. The serological similarity with the N . asteroides, N . caviae, N . corallina, and "M." pellegrino reference strains was, on the other hand, relatively small. These results indicate that the strains of cluster A are closely related to strains of various species of the genus Mycobacteriurn VOL. 25, 1975 TAXONOMIC STUDY OF N. FARCZNZCA and that they should probably be classified in this genus. It should be mentioned that the reference strain N. 33 is also included among the test strains and belongs to cluster A.
The other group, cluster B, consisted of 10 strains displaying a greater serological affinity to the reference strains of N . asteroides and N . cauiae than did strains of cluster A. The cluster B strains also showed a relatively low degree of serological affinity to the mycobacterial reference strains. Furthermore, the four tested strains of N . asteroides (one of which was the N .
asteroides reference strain and another the suggested working type of N . asteroides) and the N . brasiliensis strains gave similar results when tested. Therefore, it is probable that the strains of cluster B are nocardia strains. In this connection it should be mentioned that several of the strains in cluster B have also been referred to as N . asteroides.
Some of the strains in cluster B had, a t most, four (two strains had only three) precipitinogens in common with any of the reference strains. It should, however, be emphasized that the number of precipitates of the nocardia reference systems, and also of the "rhodochrous" reference systems, was generally smaller than the number of precipitates of the mycobacterial reference systems.
Two of the tested strains placed in cluster B and one N . asteroides strain had four precipitinogens in common with the reference strains for "M." pellegrino. All the other tested strains, however, revealed a relatively low serological relationship to the two "rhodochrous" reference strains. In an earlier investigation by Ridell (25) it was stated that some "rhodochrous" strains were not more closely related to the true nocardiae (i.e., species like N . asteroides) than they were to the mycobacteria. The result of the present study confirms this view. No further conclusions concerning the taxonomical position of the "rhodochrous" taxon can be made based on the results of this study.
Strain N. 120 had only one or two precipitinogens in common with any of the reference strains. However, it has tentatively been placed in cluster B. This strain and strain N. 119 (referred to cluster B) were both isolated from a patient suffering from hemolytic anemia and treated with steroids (10). The two strains had primarily been designated N . asteroides (10) but were later designated N . farcinica by Magnusson (personal communication).
The demonstration of arylsulfatase (see Table  5 ) shows that most strains of cluster A reacted positively, whereas such activity was not revealed in any of the other nocardia or rhodochrous strains tested. Mycobacterial strains have also been studied for arylsulfatase activity at our laboratory. Strains referred to as M . borstelerzse, M . fortuitum, and M . marianum reacted positively, whereas other tested strains, representing all four Runyon groups, reacted negatively (unpublished data). A number of investigators (12-15, 24, 28, 29, 33-35) have used the arylsulfatase test to differentiate mycobacterial species, and it has been shown that this enzyme is easily demonstrated in several species of mycobacteria. Tanzil and Bonicke (28) , investigating nocardia strains, showed that, out of seven N. farcinica strains tested, five exhibited a comparatively high degree of arylsulfatase activity whereas the remaining two strains of this species, as well as strains of other species, showed little or no activity. The results from arylsulfatase tests lend further support to the view that the strains of cluster A should be referred to the genus Mycobacterium. The dissimilarity between the strains of the two clusters, A and B, is also reflected by the findings obtained with the growth temperature and saline resistance tests (see Table  5 ) performed in this study.
The showed that bacteria isolated from zebu with farcy in Africa, as well as the N . farcinica strain ATCC 13781 (N. 75), should be classified with the mycobacteria, and the name Mycobacterium furcinogenes was proposed (6). It is of interest to note that strain ATCC 13781 has been discussed as possibly being Nocard's original strain (7, 16 The result of the serological study, supported by the results obtained with the other three tests, shows that strains labeled N . farcinica form two distinct clusters, one of which might be referred to the genus Nocardiu and the other to the genus Mycobacteriurn. However, their relationship to already recognized species within these genera remains unsettled. Further, the question of the nomenclature is complex, due to, among other things, the fact that no strain has been proven to be Nocard's authentic strain. In the present study were included one specimen designated ATCC 3318 (N. 58 58 and N. 66 were referred to cluster B (nocardia-like strains), whereas strain B.F. 11 was placed in cluster A (mycobacteria-like strains). Thus, the results obtained in the present study were in accordance with those concerning the type strain confusion, which have been presented by earlier investigators.
It is of interest to note that 18 out of the 24 cluster A strains with known origin were isolated in Africa, whereas only two out of the 10 cluster B strains came from that continent. 
